Introduction
The formation of heteropoly complexes has been the basis for a widely utilized determination of hetero-elements. [1] [2] [3] [4] [5] [6] We have demonstrated that charge-transfer polyoxometalates resulting from a combination of polyoxometalate anion as an electron acceptor with a neutral organic electron donor can be applied to the determination of P(V), Si(IV) and V(V). [7] [8] [9] [10] On the other hand, the spectrophotometric determination of Mo VI is often accompanied by the interference of W due to their similar chemical characters. [11] [12] [13] [14] Although this problem is circumvented by means of various chemical methods or spectrophotometric techniques, such as chemical masking, 15 a mixed micellar medium, 16 multiwavelengths, 17 extraction, 18 derivative, 19 calculation method, 20 these methods are, comparatively speaking, partly improved, complicated or/and time-consuming. The present paper describes an extremely selective and simple method for the spectrophotometric determination of Mo VI in the presence of a large amount of W VI . The method is based on the formation of color charge transfer polyoxometalate, molybdotungstophosphate-3,3′,5,5′-tetramethylbenzidine-Npropanesulfonic, to give a maximum absorbance at 660 nm in a polyvinyl alcohol (PVA) medium. The proposed method avoids any interference of W VI .
Experimental

Apparatus and materials
Spectrophotometric measurements were carried out by means of a 7530G UV-spectrophotometer (HP-Shanghai Analytical Instrument Ltd., China) and a 72G spectrophotometer (Shanghai, China). IR spectra were obtained with an AVATAR 360 FT-IR (Nicolet) spectrometer with KBr disks.
All reagents were of analytical-reagent grade. A standard Mo(VI) solution (5 µg ml -1 ) was prepared by dilution of a 100 µg ml -1 Mo(VI) stock solution prepared by [(NH4)6Mo7O24· 4H2O]. 3,3′,5,5′-Tetramethylbenzidine-N-propanesulfonic acid (H2TMBPS + ) stock solution 0.5 mg ml -1 was prepared by dissolving an appropriate amount of NaTMBPS (3,3′,5,5′-tetramethylbenzidine-N-propanesulfonic acid sodium salt, Suzhou New District BEC Fine Chemicals Co., Ltd.) in 0.1 mol l -1 HCl. A 0.1% PVA stock solution was prepared by dissolving 0.1 g of polyvinyl alcohol (the average degree of polymerization was 2400 -2500; Shanghai Chemical Reagent Plant imported from Japan) in 100 ml of water under heating to the near boiling point.
Procedure
To 0.2 -8 ml of a Mo(VI) standard solution containing 1 -40 µg molybdenum in a 25-ml calibrated flask, were added 1 ml of 2 mol l -1 HAc, 2 ml of 0.01 mol l -1 Na2WO4, 1 ml of 0.005 mol l -1 KH2PO4, 0.6 ml of 0.1% PVA and 2.5 ml of 0.05 mg ml -1 H2TMBPS + . After the addition of water to near the mark, the solution was kept in a boiling water bath for 10 min. After cooling, the mixture was diluted with water to the mark (25 ml), and finally its absorptivity was recorded with 2 cm optical pathlength at 660 nm against pure water.
Results and Discussion
Absorption spectrum Figure 1 shows the visible spectrum of the colored product. The wavelength of the maximum absorbance was 660 nm. All of the reagent blank showed no absorption at this wavelength and deionized water was used as a reference.
Effect of the experimental condition
The experiment showed that the pH of the color development was between 1.8 and 3.5, and that the optimum acidity was in 
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HAc (pH ≈ 2.5). One milliliter of 2 mol l -1 HAc was recommended.
Figures 2 and 3 show the effect of the volumes of Na2WO4 and KH2PO4, respectively. Therefore, 2 ml of Na2WO4 and 1 ml of KH2PO4 were selected.
H2TMBPS + had to be solubilized by PVA because its solubility was not sufficient under this experimental condition. The experiment showed that >2 ml of the H2TMBPS + solution was suitable and 2.5 ml was recommended.
PVA solubilized H2TMBPS + as well as the colored product. The experimental results showed that >0.5 ml of PVA solution was suitable; 0.6 ml of PVA was selected. Under this experimental condition, the absorptivity did not change for at least 2 h.
The experiment showed that the coloring rate was virtually the affect of changing the temperature, and that the absorbance reached the maximum value for >6 min in a boiling water bath. Therefore, 10 min was selected in this experiment.
Analytical characteristics
Beer's law was obeyed over an Mo concentration range of 0.04 -1.6 µg ml -1 . The linear calibration equation was
where C denotes the concentration of Mo VI in mg ml -1 . The correlation coefficient was 0.9994 and the molar absorption coefficient was 1.35 × 10 4 l mol -1 cm -1 . For 1.0 µg ml -1 of Mo VI , the relative standard deviation (RSD) (n = 9) was 1.5%.
Interferences
The effect of foreign ions on the determination of only 1 µg ml -1 of Mo VI was studied. The criterion for interference was the absorbance value varying by more than 5% from the expected value for Mo VI alone. There was no interference from the following: ≥25000 µg amount of Na + , K + , NH4 + , Mg 2+ , NO3 -, Cl -, ClO4 -, SO4 2-, CO3 2-, urea; 5000 µg amount of EDTA, SiO3 , can be easily eliminated by a preliminary treatment consisting of precipitating the sample solution with NaOH and Na2CO3.
Application
The proposed method can be applied to the determination of trace Mo VI in tungsten ores. A pretreatment of the samples was carried out in the following way. A 0.200 g tungsten ore sample was dissolved in a beaker by heating in boiling water bath for 50 min after the addition of 30 ml of concentrated hydrochloric acid. After cooling, 15 ml of concentrated nitric acid and 4 ml of concentrated sulfuric acid were added. Heating was continued until dense white fumes were produced in a fume cupboard. After cooling, solid NaOH and Na2CO3 were added to make a weak basicity (pH ≤8). After being cooled completely, the content of the beaker was filtered and transferred quantitatively into a 50-ml calibrated flask and made up to the mark with deionized water.
A 2 ml aliquot of this sample solution was pipetted and determined according to a recommended procedure. The results are given in Table 1 .
Charge-transfer polyoxometalate
In the presence of DMSO (dimethylsulfoxide), DMSO can not only accelerate the color development at room temperature, but can also fade the color faster; the solution became colorless immediately in the boiling water bath. This indicated that the green product was not the simple TMBPS's oxidation product, but was the charge-transfer polyoxometalate, which was unstable in the DMSO-H2O mixed solvent.
An IR spectrum was recorded for a green precipitate, which was obtained in the color development without the presence of PVA and washed. The IR spectrum (Table 2) , characterized by prominent bands in 1100 -750 cm spectra for Keggin-type [PM12O40] n-or its charge-transfer complex, 21, 22 which indicated that the charge-transfer complex possessed the Keggin structure.
As is known, the properties of Mo and W are quite similar and they can easily form mixed polyoxometalates. 23, 24 In our opinion, molybdo-11-tungstophosphate anion [PMo VI W11O40] 3-formed because the concentration of W(VI) was too much higher than that of Mo(VI) in this experiment. Because the reduction potential of PMo VI W11O40 3-to PMo V W11O40 4-is 0.52 V 25 and the first reduction potential of PW12O40 3-is -0.020 V vs. SCE, 26 PMo VI W11O40 3-is a better electron acceptor than PW12O40 3- . Therefore, we considered that the charge-transfer complex may be [PMoW11O40 (3+δ)-·H2TMBPS (1+δ)+ ].
The chemical reactions can be described as follows:
The charge-transfer complex anion can associate with H + , resulting in precipitation, which can be avoided by adding PVA in an aqueous solution. In a DMSO-H2O mixed solvent the equilibrium position of the Eq. (3) shifted to the left-side and the charge-transfer complex decomposed.
Conclusions
As compared with other methods which require no solvent extraction, this method was superior in sensitivity to those 3 using hydrogen peroxide (ε = 1.1 × 10 3 ), thioglycohlic acid (ε = 4.5 × 10 3 ), and O,O′-bis(2-ethylhexyl)dithiophosphoric acid in Triton X-100 (ε = 9.6 × 10 3 ), but less sensitive than the thiocyanate method 3 (ε = 1.7 × 10 4 ) and bromopyrogallol red in mixed micellar medium 16 (ε = 1.3 × 10 5 ). This proposed method was of great advantage to avoid W interference, and offers a new simple, selective, and convenient method for the determination of trace Mo in the presence of a large amount of W, such as tungsten ore and a crude product of tungsten. 
